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[W**3] tfrffirs >SiM\ Mjr'JA'Tr/f* 

* tfflnTSMbR*®* Lfcft, BMbtt*"* *£-tr£H 
[11**8] ->'J3>**±*»<k+*ii:-cat^tBI 

[0001] 

iftwom-t z&ffift-m] #»Ht±, wiff-v^ 

[0 0 0 2] 

[&*<9}$W] ILSI ifOMO S F ET^fffciffl'fb 

4. Y- vmmtLXii. t£*5"; 3>*iBMfcll (S 
i O2) ilv>f)ftTi/»4, L^U y-l-SfftK^ 

fi^COMOSFETCO^- hgg-fblgKti 1 0 nmJil. 

ToiMUc»v*BMbfflt*«!i&Ri: ±aoWH* f isatiJ 



2 

fltffllilJ»<>«L<4:or<4o £<OJ:}K, 

h«fblS«OWISfbl±, Ra#uacfv»-cv^*„ 
[0 0 0 3] £<&J:T*»fbRtf)R#«:JSfllH-<&K*i: 
LTli, TV^e-T (NH3) «t^,ffl-fk^=?fd^rv*i: 

-Mimm (no) „ -BMb-a* (n 2 o) , -»-fb 
ast (N02) *©a*fc»*<&'fb'&»:tf , *Kj:4»a 

ffc*4T}*ftjM*lts*iTvi.& 0 «r#o*s-c»±, »fb 
K*T>*-r*H»*^ffi*flni!&-*-&*K.fc 0, &fb 

RUib^Ttt***»oa<bSHbR*«j£L-C\ XhU 

^T^ftr-fi, a* (n) 1 1 i> c£*o*3R (H) tf* 

0 S FET<7>L#vMimJ±£i?®J§-££ 0 -tUi, tV* 
iMtLt, -BMtfl* (NO) , -gtfbZiaSi (N 

2 o) , -®Hba» (N02) % ¥<r>&m%.$>-c&itmi: 

f 5-1601 1 4 i- tarns ft- -ci^&o 

i:it], -H»4i:o'fb*«*ittJnS**ifc4:<, x 

[0004] — iLsi ^its^b, ^mmntiitco 

Tva^, 3 n m&T<DmmX'l±\g.& h 'J 

lt»±, ASiiBfkKJ: or- mata^f*^^ « 

xj£, H. S. Momosel5>i:J:ot, Inter 
national Electron Devices 
Meeting Technical Digest 
(593-597 1 9 9 4^) KfR^Sft, * /c, 

J. WangftisCioT, VLSI Techno 1 
ogy Symposium Digest (109 — 

1 1 0i, 1 9 9 5^) KftgSSStL-CH&o 
[0 0 0 5] 

jeawroftii'ttaftojt*, -^fta* (no) , -» 
^bram (n 2 o) , -^-fba^ (N02) Kt'toAmt 

ta-fb^mwpJifTi-so-c. mfft^^a^jis*^ 

Lie < v>fi(t-TT-& < , R"foa*«flE*Kftl= < 

WTtftlC, T^*-T*fflV»fc»-&, a^ (N) ttt 
K#*W*St (H) A^bflf^HKl)iif tl> -H*^ 

^w-fb^a^SSiiio d*t?>o<b*a»i, Ifh? 



(3) 

3 

y^t LT^fflU MO S F ETc9L§vMt«EE£^Kj 

£*u±, *<D&fflmmm\'i.*\$.T$*ti> 

[0 0 0 6] ttz, Y- hmm<DBmittfWtm3 nm 

ft&F^M^&o*:., 1-7 7 y'tf^&lz&Zig; 

-£% 7"- A- • 7 U>^;ufS*CJ:^>B;i;t^ffiti.^^i6, 

[ooo7] ttz. y- h mmm<7> 1*. 

[0 0 0 8] fl-e, #»W<0gWtt, leam*^©*. 

L, 7"-A< • yvy'rMi.m-Zh") -?m.ffi.i>i&i&L 20 
[0 0 0 9] 

vtntm^i-sttr. mmm^tTKmw.^^^ (n- 
h) fe#L&vMfrt-«rca»>, ^stB^tctiw.^a^ 

tBJx.tf, l-'JTUJVT?^ ( (C 
3H5) 3N) , xWVF (C2H5N3) * 30 

^vniittSr-g-tfS* (N2) , 7^3"/ (Ar) ^(O 

[0 0 10] 1*9 2, 3, 4 KE«*>j»i*R0>»#* 

£i±, ffrieasjf^r^w^ii, ^4 < 1 1 r 3 >a 
a***r* : f-«)5!r^tta*« ; r-t**JH : f-«)e'& (n- 

[0 0 1 1 ] lff*A3 KEftOlftltllJ&fc&S; 

l±, HI izm-tfft&iGlr 2> h 'J T'J )l>7 5 > ( (C3 
H5) 3N) *fflv**£4:*1«Ri:1-*o hUTU^T? 
>W3 0 0'Cr-O»Siwtt?^ ; &Kfi:5?-WL7tJS*«rlI2 
c^i-o iwn<fci9, a*K?-fc&*flii : ?<ott'&- (N- 

[0 0 1 2] M*#4EftrofeJ*BH&jft^&t*« TvK 

ItLt, xf;P7v'K (C2H5N3) *m^Z>Z.t* 
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[0 0 131 C2H5N3— C2H5+N3 
N3 —N2+N 

zff)mms.t&\zi*)^ mm+vtmrn (n> 
[0014] »*E5Kett«*e»BtwjBriE2rttut, «r 

[0 0 15] «l*«6UIB«tf>»6»BIJKja*ffil±, ATE 

aSt^*#^#**«i?ft<b#X'r-ai5'K ffiEifrft:*r*fc 
a»> r;ua'>^w^;rSt4**^.S-/'N*7' l J yy-th ztiz 

[0 0 16] »*3fi7UlE««3#6ltR<OJgja*ft»4, v 
[0 0 17] »*S8^E«W««BtO»ja*SJ±, -> 

u 3 >*«jiSrafcfk-*-*i i-cSMfcBtfcj&jSLfcffe, fir 

[0018] 

[0 0 19] SfciT, #«9!<0*tt**tt+4fc*fc#Ji 

WU*^1- 0 4&31mJ • #-k 7 H 1 1 3 

rfcifs-S 1 Hi, BHb • mtmi-\y< 1 1 5i, 

tosffe- *-t7Hii6 ii*ffiiTws 0 ^mtr • * 
t'/m 13 tmm.& • A-b^ hi 1 6 m± 
Mtnnu 1 1 9 * tee 2 7ti±fBt£i- 

^f-i/'l 12A, 1 1 2 D* ? KttP>*L, 1 1 4 

tK-fb • aibffl^-v >^<i 1 5ic(i, -g-tL-rtL7 .x.^ 1 
1 0 SrteSt 7t (± 1Si$-r «0 v (Jtli^x 

• 112B, 1 1 2 CA*iS:lt<b*i-CV>£ 0 

^aitr ■*t-;Mi 13, stif-s 114, K-fb • a-fb 
m^^y^i 1 5, 4&af& • hi 1 enmit* 

ft-rftilSSl 1 7 A, 117B, 1 1 7CKic TiS^a 
£ tir H 13 , #jiS& 1 1 7 A, 117B, 1 1 7CC 
ti, feaitT •*t-;HH3, Sfeif-Sl 1 4, ffi^fb • 
a-fbffl^ Y V< 1 1 5 , &9& • * -fe -y h S 1 1 6 

^ixm^i:'MMX-^i>^^T\ 1 8 A, 118B, 11 
8 C^Ofttfbih-TV^o 4J3, £<75=£©ti, 
110*1 tfcft»=«tai-4 t <or- 4 , «»«C45»; jaa-t 

[0020] ^<^7*i i 8 AS:iai:fc^-cjaattr • * 
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1 1 KAftfcft./c;|Kg|T-&giW - *-t7Hl 1 3 fttz 
m^n.^,o -£*>;R!g8T\ (N 2 ) **vM±r^ 

u'y-ifTs (at) *o^»tt^-C(t*1-4^ ifc 

»H5a (JHfcMKHt, 10i2 C m-3J^T, flFiLOil 

1 1 4f*]£Sgt#* (N2) *^^ti7^^> . 
(Ar) m<D^m'\kif*X~m$:1rhfr, 4fcJ±**SU 

1 012 C m-3J^T. Ut L < li 1 0 n c m-3 

SI 1 3t:l*Jifc-)i^l 1 0(±. 1 7A£a 

LtffiMl 1 4rtKlE$£S:ftao »S1 1 4 -Cli. 

1 4 rt ^Bftfc^aotN jft9« • * -fe v 
Ml 1 3fe^Fett^T*»LTi5<o ftffi 

8fci£g 1 1 4 <h 4 £ <O.T% #kSmf • * 

[0 0 2 1 ] TSfe^aa, ^xaHO ti 1 1 7 B 
SiLtait • Sfkffi^-v 1 1 5 UteiSStL^o L 

li*^^ 1 0 12 c m-3j^T, »3 L < t± 1 0 11 c m 
-3&TW#?«l£tf>*HiK) t:Ltfi<o 1 4 

i:«fb * fiflJB*-* 1 5 fcSrv^rtLtfi*^ 

(N2) *4^li7;V^> • ^ (Ar) ^co^ffitetf 
X#H£t*rt:ttfi*£K LTis < £ £ K X oT, 
oe*SHfkJRo«v^)So^ l i O^^Wt: 

£&<witt'&tmT j t>'*i i srt^iR^-r-scit^ 
t^&o »<t * mtm^-^y^i 1 5 1±. jgt/tinftg!^ 3 

l 5 t±> fiEftSft • 3fbri*T-§ * 4<ot**o fflfk 

-Cti, h'JTini'TS >SrflJV/*£ 0 h'J7 , J iU7^>li 

mMJf* (N2) . 7;^'> . (Ar) 

loflfrt^*A1-&o ifc* 1 0 0 P a»T<OftEET"C» 
fbR©J3£-i-*»^±* F'J7'J ;VT 5 >ut$Mbi-*o 

y 7 1)^7* >oflac r ^ >3g<h Lt^;^f;i/y7 



6 

■j^rr/ (C3H5) 2N-CH3. y>f;K;7'j^ 
7^>- (C3H5) 2N-C3H5, ifc{i-teWtwT;i/^r 
^7r/^iMt^^tLrfflv^u^ 0 7 
vK£I<hLT, ^f-;U7v KC2HsN30lt!lC —jfcft 

[0022] aft * eibjaaa, fi^i 10 \tm» 1 

10 1 7 C^ILt» ^-byhSl 16 KteaSSft 
ho >)x^l 1 Oli, ^>7 + l 1 8 C&Efl tt, #Lg?& 

• Ml 1 6 *#EKLfclfcS^fcWSm£ft 

• Sfkffl^ v/*l 1 5 £%±Wk ^-feyHliet 
<OMK:. /<;l/r**1-^aSS^^LT, CVD (Che 
mica! Vapor Deposi t ion) ffl ^ 
^W^^Ott^-^i *K -)xAl 1 o^yv*:^ 

20 ^ t^Pl^il^^o 

[0 0 2 3] *»«*:fflv^i fctcj; *K ftrf-4vU n 

>*ffitiMiSpLfcis, ^i/N i i o *mt • mitmK 

o 

[0024] mt&<oMm i ) *»iflott«Rjg«*tt 

[0 0 2 5 ] y'Jn 1 £T5fei#-r S i i: ^ i tj , rt 

(N2) ^^.v-'tiT^n'V ■ if*. (Ar) ^W^ffi 
^^■Cfilfei-4 7>\ ife»± 1 0-4- 1 0-6P a OMK 

[0 0 2 6] ^fcH, Ti&ttaf^^tffi^fiWL-Cftv^ 

fc^H^Cf 1 l-i>'/ , "C#im"f^) (Hi 1 10Vli:TO. i 

^a*P<0^-g-{i^p|*I?UaS: 7 0 0 -9 0 0"C, 9>7"Sn 

ff^S:^M<o^-g•}±'i'i^^^a]t4• 7 o o~ 1 1 o ot;icL 

T, h'JT'j7UT5 >*&VM±CtL=S-&tr^«'^ (N 
2 ) , 7;^> • ^ (Ar) *<G*flH43(f 

(Ull 1 OH 1 Citlfr) o -tLtcJ: I?, m 
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^eoT\ CKoafbdi "9, EI 3 -5 i:, fli)l±Sj— 

>*>**aHbS-*T*.M-4*'ft\ 1 0 0 P aUT^ft 

Sfbfc^tfH^T? C i7) J T-# -£>„ itz. h')7<)frT 

jttffi^iEji^tL-i,., *a-ffcjaao^M, as, ee^p 

fl*#* (N2) **V^±7;U^*> • (Ar) 
#©*fStt*r* J: <K 
*fi«Lfc*HA«f K*v»r»ia-f* (HI 1CV2I: 

[0 0 2 7] **ft*il©3BjS2fffiKJ:*i.tf, r>*-T 
Hi £ Sibil <>: (1JI& *K SMtKf <o*3fj&*4?*v*fc 

h 7 v -f^wnmwpti: < ran* 
muni $ *t* o h s^bKV^Effi h > * »; > 20 

(K-fb«l)?3 nmJJJLT) K £ <t -5 %Y- Y 8Kb IS 

s*SjJ*»fbKKJt'<-CjlSv»fca, SMfcK*»'b4*^- Hft 

«?>a'fb§l£fflv£- ti:i »» , r- h • U SrWSU 

HIi4**ir^i'^ *Siif Hllfc iTU <b Sffl "t * - t WC 

[0028] {%1k<n%m 2 ) *»9j«*MS«t<0JBjS;fr 
ffiO»2 0|£Jfi«)3B»tRWi-*o BI4 (a) - 30 
(b) , Rt/mi 2I±, *^ifi<75®^<0*6^ffilWBfifi:* 

ho m \ 2 winsfe'^'f ^^Si^ntiffitt^F'ijajKt l 

SOW******!!* (S i ON) SttfLTV- 

[0 0 2 9] n^afcKl 1 4r*»-t4C:fcUJ: 

St#"* (N2) ^)h^it7)^=f> • if* (A r) %?<7)^ 
fgtt*"^Tg«ii--&*N *£l± 1 CM- 1 (MP a<OiS5 

fc+fc-clftSSU (N 2 ) *4v*H:7;u=f 

> • if* (A r) 0EO^ett*"^-C«*+*J>\ tfctt 

1 0-4- 1 o-ep a <n&n£^-r z> ^ t i,z x i), mm* 

n >afe«i 1 tRiti. so 
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[0 0 3 0] ^#$Sf^*fr£®7Jfg:ML-C.fe^ 

JD^McO^-g-ti'APrtajS* 700-900*0, 7 y?1iW 
8k7X:e>m&l±'y ^'^EiBci: 7 0 0 - 1 lOOtl: Lt, 

<»T-i£Vkif*Zmt • S!fbfflKlS , ffF , 3Kj»A-t4 (1211 

^•ttajff^jastL-c, •> 'j rj i i (Dmm^mt 
?^-&o fifbK®jair»=*^r^';3>»«[±oa«M 
fbii**wiw $arv^(or% £ ©a<fb*tJ&j£:DKK <t 

0, 14 (a) ic^i-i^t^ KJP*&-ttOAv»a'fblR 
1 2i { M?ii*o 4*, h'J7'J^7;>0*^|; 
S*T*Ai"4»^, 1 0 0 P a JEHTOfiE-CtT 9. - 
O^-g", '(SI£T-*^<7)r% h 'J T 'J )VT 5 >WW***4JE 

$W(:ff^i:!5 { -ei4, f^:, HJ7'J^7 5v<0» 

***t*o *a^bjaao^fW, as, J±*£fijff 

[0 0 3 1 ] r»saftRMI8t»7 Lfc.», SS-fb • 
a^bfflKiE-^rt^S^a***^ (N 2 ) , rn>*'s- if 
* (Ar) 9o^gtt#^SajSi:Lfc«, ffittto^M 

*^»»^ ?i # tt < R^bfeao^rtffljs^ s -rjf.fi* & 

I'li^iSL (HI 2 <DV 2 WHSa^WltO , ^vysn^ 

mmm<owi&, &<%x-w a Ltftstr? i § «t < K^b&a 
«^x^iasi:jf#iats (mi 2<ov2coss^t-*t 
i&) o ± t i: Lt^nasjbiv(i'7iA7asS' 6 

0 0- 1 0 0 <t 7 CLfcft, as*, * 
K-fbttJif^, ab^.vMi^tt^-g-trM**'^ (N2) , T 

• if* (A r) ^O^fStt*"^<^#H^i(Ci5V^T 

a^bwi 2 *a-fb&a+*i tciot, H4 (b) c 

1 attffifcBMbftSLfcRl 3 (JRffO. 5-1 nm) 
*®fiE1--&o *J&Ii:J:i), ffl^bMl 2 4><7)a*^co 
*i|g-&-#U*** t te-g-r* t t (> »lLtl 1 
3 fcj&fifc-r & C tCiD. *§^M t v 'J ^ >»« 1 1 t 
<r>%m 1 1 at-©WS4 S i / S i 02#ffitrafl 

mm®. Sr f&M-r * - 1 **t? # , t*-^-7u>^ms# 

Jo 

[0 0 3 2] iW»<b*»TL^m, SK**^- (N 2 ) 
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#>Z>\,m7)l'=*'>-ifA (A r) ^W/Ffg14#*-C , ffi& 

isi/->r^?ai-^ (Hi 2 <ov 3 uwie;) o w±co^a 

[0 0 3 3] *i»ak)Rw3gja*fttcJ:fLtf, 7>^-7 
ic J: * Sft i »i* ft *) , fflftK* n*9t&& 4 v * * > 

mT-h7 77* J f#ffij»e* { ^'5r< ftSo Sibfll 

y^-ft < U SibJH 1 2 i: v 'J a 1 1 £: «D# io 

I#i5i:M«lLfcIi 3 *»j«Lrv>*wr*mi)6 

;w • 7u>rfrummmKx&r- v • v *»«iiws 

?3nmftT) U * t?S4 <t n ft ¥- V SKftKSrftK'fb 
If £i£<-t& £ O J: 3 ftHK^S-fb 

[0034] (gttojgft 3 ) *%m<r>tmmam&ij 

(b) , XOHa 1 3 li, *&M<nWM<nl&Wti&<oj&i8Lji 

fOlS, XtTHMffc^rtfR (S i ON) **LTV> 30 

[0 0 3 5] v'J ^ 1 J: *) . 

mif* (N2) t3&\<->lt7)l'=f> • #A (Ar) 3£<7)/F 
fS145!fX-CB^1-a*N * fcti 1 0-4- 1 0-6P a 

iKf KT*i£U f£>W.mif* (N 2 ) **v»l±TJl'3' 
V • **X (Ar) *©*fiH£;«r* &jK £fc»± 
1 0-4-1 0-6P a <V&M£.l~t Z> Z t IZ £ 1), SE^-f 

[0 0 3 6] ^*BMf IS* LTiJV* 

7t#ffl&4>i::j3V>-C#iS-t-4 (H 1 3 <D V 1 K*tEE0 o 

-ft^<offM/S j }fn$ij 5 a, ft»a»o i assMtiRo ft v> -> u 

3V*ffiS:iHIMF-e*4o 3li«6*, 6 0 0 ~9 0 0"CCO 
aK-c»'ffcl±5!r^-e»<b+4 (Hi 3«H iu*ttS) - 

S5 (a) t;«1-J:^t-, Ml2 3*Mt4c 50 
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#1*1 Sr 1 P aJ^TO®EH*5V^-CJ3i^-5 it 

<b»c mmtfz-tLx, 7ks6^ (H20) , 

(0 3 ) , *fc(ic:*i.e,*^tf»*#;* (H2O/O2, 
O3/O2) t-TZZ-HzX ij, 0255-^^itUcLTH 2 0 

fci&KW:, 1 P aJ^TOfiBE-Cffd^Av^ «l(^J;o 
4 iz±<0 WBL L K-fkM 2 3 (± , Rflp < 7 7+ *»/Jn 
if *®*r to, intcJ:*), JSLTlw 

atSit**f^<, ft is, MM 

[0 0 3 7] ;o»lKIgi:av>t, (N 2 ) 
ASi/^liT^n-v • (A r) $§><DT-X&'&.Jf * "CS^ 

isv^r^ja-rs (ia 1 3 ov 2 nitJS) 0 in-ir-to. 

?l#^v^r, 7 0 0 - 1 0 0 CC^iSSf, MJT'J;w 

^*Rl&*rtK*Xi-4 (H13OH2»:W1l0 „ i*t 

15 (b) USt-TA^H, Bt^R2 3 t vV a>««2 
1 t <0#®f*i£ 2 1 a ^Mft^S L 7tH 2 2 (BiJ? 0 . 
5-3 nm) j&*J&S**L*o S'fb^S L?tfflt 2 2 (D^Ip 
(±> Mt->'J 3Vi«2 1 i:<O#tB«0ED^4ig§3U 

fc!2 2 (±^J¥^a#it^co/N*7-7+* s ^ft < ft So ft 

h >J 7 'J 5 ><Dfri:$tftZ-ttxmX-r&1£i'&. 
1 0 0 P a JilT^ISET-fi 1 9, i<75«F-&, fiST-*>S(0 

W#*4ft< ft^x S-fbSrSbJpWUff -5 -H { f^„ 

[0 0 3 8] iroaftfttaSrftTL^a, (N 

2) ^)SV^(±7;^3•> • iST. (Ar) ^«>^fS-tt*"^T- 

■^Cisv^-Cl^fi-rS (HI 3 <0 V 4 HisfEE) 0 J^JiT, 
[0 0 3 9] *Hife«)JK®i;J: 19, ®HblBl2 3 t v U 3 

>**2 ioM»=a^fcjffiaufc«t2 2**1- 
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[0040] mmmzm 4 ) *®w<o&mm<v3t>j$.jj 
m<omA <r>%m^%^m.m-fh a m 6 (a) - 

(b) , iVHl 4(1, *Htt©3gffiO«6»RO®** 

1a 1 4<o^-9-^ ^^com^iit±^tt^^7°f-^ * 
mmvrtf&mwt lx? y^mmmgzmzm^x^z,* 

tim (S i ON) LT^io 
[0 0 4 1] v'J n >&*£3 1 £«fcitH-*£ Ci 0 , 

»*3*»oa«*^»toi(sv'fsffi*^jft+*„ -toft, a 

(N2) *&VM±y;i/=r>' • (Ar) %?<D^ 

ffrft#*-c-fi&-f i7t»±i 0-4-1 o-6Pa<oiisji 

*i:-ciesiL, (N2) *&wit;v:j*v 

• #x (Ar) ^^ffitt^f^-r^^N Ztztil 
0-4- 1 0-6P aOS^Cti: tizX *), 30 
L7t#HjR;Kfffcilfc»'ft • SHbfflElfcflf 
'J n >»£3 1 JSfit*. 

[0042] lt£v* 

fc#H5t+^iJV^T#?ai-«5 (H 1 4WV1 KfcftS) 0 
£*LKJ:«K #iftli*OttfbK**R1^&< fcv*HMbR 

ft* a (01 4 oh 1 cififc) i t u i , R-ft • aft 40 
v^ffi£#i-4 , >i>' , ><o6Hfc*fi : v>, (H6 (a) c^-r 

«t o KftR3 3«?ft4o 4*t=, *IS«r 1 P 

Lt, t)c^ (h 2 o) „ f/> (0 3 ) , * fell cine. 

fc^-fr^**** (H 2 0/02> O3/O2) tt^iti: 
fe^-^-tifc^LT, *K-fbTl&'b:rt.*:BJHbR3 3»±»SF 
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Seen, K-ftaJK^iv^r, ©ttuffiE'fbi-afeton 
fi, 1 P aJiJ.TC0fg:l±T-^^4-T*^'J:V> o Cl<7)«tT4- 
BtfbKJ: »)3B*Lfe»'fblR3 3(1, 1I|a*7 7+!4M^ 

■c w a-f btea u *j »t * rj¥ ^ a* «k o ^ « 9 v * * is« 

t4;t4«-Ci4. &£, W3©£«*6RJ**»4»=: 

[0 0 4 3] wO»-fbXgU«tv»-C, (N2) 
^-SVMIT^^V • (Ar) ^O^rStt^^T-Sm 

(El 4©V2£*iH£) o -tlCJ;t)> *>r*«r»^t*« 
< -es&£»tT* < . *«*Rtf 

mW-!PXi±1a.m$X~<r)g-i^ P^iS^T^a&K, ?f.t: 
BMt J t , *3Ro«AjW£*S*iao iiii:5l*«v^, 7 

0 0 ~ 1 1 5 or<o?sjKt\ hn^vr^^s^ii 

*A-T* (I140H2 HWJS) o iftC: <£ •) , »,e<)^ 
f#mz£*)i$.fc?-1fcg.mtf£.l&ZtiX, M6 (b) t-^ 
mtm 3 3iv"Ja 3 1 £ O^-ffi 3 1 

a#£^a-fb«taLfeR3 2 (RJP0. 5 - 3 n m) 
W^USo tftftlL/:!3 2 0RWI4, «»Rfc •> 
>J n >^3 1 t«O^ffi«0It.^«r®«Jlw L, IE?L h77 

T-*-2,<75T% a<bi!taLfeR3 2 0Rf^aXiftOM 
t»* { L^1-v^ $HkR3 3 ©MA? y + tt/h* 

< , K<bR 3 3i'/'J3 v** 3 1 t 3 1 a t rt 

feR3 2 0RJP^a*»*^<?y*H^4:< «r*„ 4 
j3, h V 7 'J 5 V<0*S:^tStTiAt4»^, 

1 0 0 P a&TCOfiJE-Cff-po -ro^-g-, f&)E-r*-2><7> 

O^iK^i), aib4rS»sp»^frTit*«-c#4o 

tw-H-if L fe*«» o R* 4 ffi Jt $ *t 4 o 

[0 0 4 4] :©MMI4^7U:t, (N 
2) ib4VMlT;Un'> • H7. (Ar) #C07FrStt*"^. T- 

cpt:i3V>T^i^T-pffi-r4 (EI 1 4 <OV 3 lcWf&) o - 
tlX. tt»R03gjS*«^Ti-*o 
[0 0 4 5] &ttR3 3 t v'J a 

>*=K3 1 owna^b*aufeR3 2 «tt»R* 

»-cii, 7y*-7i:i4aftAIti±I^^ SfkR 
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f-&<, S3SsftJt£ie5a6&c: t rfSMX *> 2> <D IzM L 

-c, *tmm<DBi&jjikX'ii, mttrntimwizftz. 
h<r>x^ mmtw.mmmtniuzfflwx'iL. L^^mm 

[oo46] mmv>r*m 5 ) $%woj6^K«iis 
&<7)m5<omm<Dfmzmwi-2> 0 H7 ( a ) - 
(c) , xt/mi set, *mmmm<r>mimm<ofimjj 

mmmnMi&mmt Lxmrnrnm^^m^x^ 
ho *nM<ofci&x'&'<z>m.immLtzmtii. 
->u n >&fatmmt<D&wn&x'AimtfKfo-fz> 
ztx*ifz.i$,ztiz>i><7)x-bt), g>m<vm.m. %.z>'®tmi 

S&tm (S i ON) if Ltv^„ 
[0 0 4 7] ->'; n >^£4 1 £?ft?$-t4.I tizj: *) , 

s^oiiMioiv^i^Mtio -?-o&, a 

?St#*x (N2) &4v->fiT.>V3-v • if* (Ar) ifO/F 
T£tt#**T-gJ&T 4 A\ £ ?zl± 1 0-4-1 0-6P a OiS 

M&z-f *> t k x ^m^^-^m^i&mLfc^m 

^izXM&L, ^tbmMi?* (N2) &4vMiT;vn- 
(Ar) 3£07Ff£t£#**f ^&-T4/4», itzli 
1 0-4-1 0-6P aCOffi^^-f 4C .tie J; l? , $Sf^ 

[0048] ^frm.m*?*fr*mti\ki&Lx 

tz^m%.<Pl l z£>^Xg-&i-2> (1150V1 bzftfc) 0 

6 0 0 - 9 0 0'COSJSTgg'ffcl-* (11 

ieo Kfcvizmxztitzm&fr'i&mmt 

7 (a) K^i: -9 M4 3«i^| 1 . # 

Jfclgfc 1 P a WTOfg/E^iJ^T i £Kl 

<fcr>, lS^/i&KJItfcKSHbl^c: trfX'£ 4 0 *h 
tc, ^btt^i: L-C, 7kM% (H2O) , 

(Os) , itzit^tihi-^ttwtmr^ (H2O/02. 

**^«*f Lfc»£-i:JbttL"C\ *BtfbIS 

■cft&ftfcBMbfflU 3 i±»«£fc.& 1 t fcuj^awts 
•tt75 J ^<^^o ift<bo#B^f-t±, SMbaK***:*^ 
Of, StRUgJfti-a^fe^H, IPaJJlTOfiETiJ 
^fc^jFA^o £WJ:dSriMbKJ: *J¥'<7y* 

«lfiSWA7 7 + «:fi«t4c t A*f # 4„ iris. 
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[0 0 4 9] £OBMbKlfcv»T % mMit* (N 2 ) £>4 
VW±T;i/3-> • ^ (A r) ^^iStt^ttlts 

T#?S-f4 (Hl5«V2i:ttlS) . iftCJ:0, *»r 
^&Klfcrt T PP*iJ£*T.&*:J6^ -?-Of&0]!ilJ$^S*sftJg 
0x7 y f #4£ttT- < . ^Ifiiltflg+cfS 

•/#07fc*^eS L£*?-#fb*) WJ£ft4<, 

3I£^t, 7 0 0 - 1 0 0 o"Co?sj$t% h'JT 1 )^ 

10 7 5 >&4 W±,Tft£-g-ti-2*, 7Jl/3*>^O^iSt£#' 
^*RlElfrtU*A-*-4 (BH5 0H2KW) „ -ft 

t,zx*), mtjtcmmzx ij^M^-ttjasu^ritsixr, 

. 17 (b) (Cf -T J: 3 K> Mft^bK4 3 t v"J a >*«4 
1 ttf)fl4 1 attSKfflft&SL^iU 2 (KV0. 
5-3 nm) *«?tlS 0 SHM&aLfclU 2 OJ3IJ* 

■tzi-*) izlx ^z> 0 mtm4 3 nmw^y^it'^z 
t>. ili, h 'J TU ;>t 5 ><F>.fr$:^i\:z&xmx-rz> 

^■g-, 1 0 0 P a JiJLTOfg:fff fflo c^fg-, fSfff 

#t-i4o h >; r 'j jut 5 xDmmKfcx- 
[0050] £osnk**n'Lfc&, (n 2 ) 

*5^li7;^y-^ (Ar) ^O^M'tt^f Slfe 
1-4 i tic J: i), Kfc^fl-fcftaeWLJtapfflatfK: 
30 i5v»f I^SL (HI 5CV3 ICWlS) , 7 0 0 - 9 5 0 

Tcoia§f-cw»<bdaai-* (mi 5©h3uwis) 0 c 

J: H7 (c) K^-Tl^U, BMfc«.aUfcBt4 
4 (SU-5nm) **JgJS$il*o --f, Sftill 
L rt: JH »4 -> V a v ft« i: S'fk^a LfzSHt ff>mBtf& 

x-mmrfufc-tz - 1 f s ir* tor* •? , 

»B6*, S.r>*M^i#<^, »*Jffi*w#v>R (S i o 
N) l-SLtv^o 
[0 0 5 1 ] &'ffc«Oi£f&A c S'ft&SL£)]||4 2 f«S 

40 ail, &tic#^o^:§:v^^^, (H2O) * squirt- 
ttK* (O) *Mv»&»tixtf&e»«rv>„ L^L, 

m=F<ommMmm&<vsx- &t l< % 
»2L<i4, w.=F*m.mte*vy (o 3 ) 

■tfrf^fiitf £ 40f , (O3) £ /did ft 

(O3/O2) OftH^-CIIBfcikteaSrfT^o - 
ft«bO#H^f li®?-fkiSJg* f ^:§ 5Sv»KffcffikaL 

so tt)^ l P a JiLTOf&EEf £.T.&^ 0 *»^bUJ: •) , Sfb 
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#M 41a^Si/Si 02#® t W^Wflljit- 

•fhWJlYy v7<n>mz, &&vfiMO SIF-ffiKgEfc 
#faOtt#* f fi:i/*1K«-C©*+ V T*WftftOl&T4: t*<0 
Sfbi&aKft? WH^«r»*t4 3 *„ BUMa 

uu y- h w c v d i 4 y- h tffii 

^Slfeoig, A * K c - 1 § * o 

[0 0 5 2] £ OSBMfcJ&Sffe, g**'* (N2) ** 
^\tT)Va-> ■ if 7. (A r) ^(O^TStt^XT-Sm-f & 

r^ia-fa (Hi 5 cov 4 K*tJ&) o ifefiffiKo 

[0053] *nm<oMmi,z a <o , subM 4 3 ^irawb 
iiiti4 4 co pai ^^31-^4 2 &m-rz>m% 

M<1:^J1L^:K4 2 4><OTK#^^v^^ab, h 7 ? 

*o^*« , ^*HjR;tfflv^r«afb-f4»^ BHbi: 
a'fb* J (5j^ji : ?Ti--&cor-, K9£K<P&*K&*ffi:£K 
$UM Lt: < v»/f »fC4 < , mmWkJ£ZM*bZ> - fcd«B» 

* 1BSU Kfr x. & <n> -c- , jjhw: t S*zSS Sr k $U® r- 

ti, mimmLtzm* 2 3>at*4 

1 cOK^»'fbffiSLJtK4 4**#«i-a^, »tv 
1; 3 vg«4 1 <k<0#ffi4 1 a^S i/S i 02#ffii: 

S i / S i 02^®<OS^<O^-fb^S i 2=NH&fc*COS 
XA'M^-tSfb^tt^ieHI-iiEJL h?7 ^"WJiJip, * 

i, v >i± m 0 s # ffi k fi e ^ * rs] <o m. w * { & v >?l -c <o * 
•v u T&Mm<o&T% £<om.itizi$7 Pnrns 

[0 0 5 4] mn<nfcM 6 ) *»9§0>*ft»IR*>JBjfi;fr 
ffio*6 0|6J6O®a8*KW-*-«. 18 (a) - 
(c) , Jkl/mi 6(4, *£tt^fflOl6»lg«BJ8#i£ 

&o SnSMf-'f ^^co|^^(lliiSJ$iSU^7 0 7 : -'f • 
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'fbRJc>Stv>''7**nJBia*6BSrfflV'Tv»«o #11 

Bf bR t o*®#i£-caiba* I sis-*' a^t $ 
*to-c*»), #ficoa^ Iy f KS^:t^/il (s i 

ON) 5rSLTV>J 0 
[0 0 5 5 ] i/'Jai'SSSlSrft^tiitCJ:!), 
«f»*»oiig{ttfblBtO*|v^tR®*:»jS-*-4o f^ft, S 

3t#;*.$>&^ii7;v3-v • #*7,i£<o;^r§tt#*-t-ffi#|-r 

&7>\ itzlt 1 0-4- 1 0-6P a (V&M&lZ-t b Z t l,Z 

^SSttf* (N2) ii^lir;!'^^ • ^ (Ar) 
4S©JRSlt>Gr;*-Cit»1-**S i^Hl 0-4~l 0-6P 

^#H»;tctS^tt^^b • fflfbfflSlB*^->'J 3 y£« 

5 1 ^Sft-T^o ?*^»^7K5?-?rffi*fg:MLT 
isv^^SH^tfUiJV^T^ai-a (HI 6<OV 1 lift 
jfo) 0 ittHiO, ^-fiB#<Og«fcg^b*WU^tL. 

^oi«fe.K-fbHco^v^v"j 3 v^M^li^r-^^o f 
7 ^7*iniwtS}Sfit?t±ffl^Pfl-c<o^.fa, |5f?U^T-# 
20 ^^(c, S^KBKfb**®***'!.*. 9l*«t*. 7 0 0- 
1 0 0 0X:<DiS.l£-?m.1t1-2> (HI 6COH 1 ^W£0 £ 
fctci Ki&«U*X*fLfc»»*»oe«R»fb)R«)« 
v»v V 3 viB^tf * ■> i-^cogHbSrfr^ 18 

(a) C^-TidK, »ftK5 3*«»ritSix*o 
Jlcie*- 1 P aJilTfOiSEE^iJU^TiJi'Sr^i t ^ i 
•J, lW^IBif^JltttBSfbi-S^fc^-CSio St 

mt&jfztLx, (H20) . *-/^ 

(O3) , 4fcl±C*LC,*-g-tr»*^ (H2O/O2, 
O3/O2) i: C J: •? , W^StO^bfiW^ffi^ 

30 i ^^(O^T L^:*§-g-i:Jt«cLT, ^K-fbT# 
feitfc»ibR5 3(i^^=fe-2>i:i: ! {>^#®'02FiQ'tt3!) J 

T% ^^l-^b-r-S^tot-lix 1 P a JiJ.TcOlg:l±T- *3 C 
*d*#Av^ 0 -<OJ: d 4r»<bU ± •) JK*$*tfc*-fblR 
5 3 (i^ff^'7-^^^/h? < , jJ»offfcrt»4#ffi* ^ 
o 0 itLHiO, a-fb$!tSUi5(t*^)? J ^a*?*ft^''' ? 

40 [0056] iw»fbK»jsie»=av^-c, a** 1 ^ 

(N2) ab&v^ir^rr^ • ^ (Ar) ^O^rStt** 

H*«t>uijv»-c> ffl*-ci*iftLfc»> WK?>7Traft-c 
^•iSL-fS (H 1 6 cov 2 U*tEE) o :ixi:J:^ *>1*^ 

/f 7 * < r- # & < , ^^IK* 

Ultimo** t=iBH U/i*?-*fbtPPiSf|-CS i. * fc, 
7 >7*iDJ!ftl!^e'Ct±@^W"CtO#ia, Pffa75 f T*# -SS 
so (c, 5e»tc»ib J «'*5lfOiRA* , fi:«*^4o 
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3tv>T> 7 0 0 - 1 1 5 CCWiaST, V<)TV^T< 
>$,Z>^l±ztiZ'£ts'3.mifz (N2) , T)U=r> • if 

* (at) mo^m&ifx*Kfomn\^x-tz> (mi 

6<75H 2 o Ztliz**)* m&jtcmmzJ: QJ&DR 

^ttSsM^J&^ft^ H8 (b) KTjt-r J: 3 IC, SMb 
I5 3i-/'J3 v^g 5 1 t <7?#ffi 5 1 a ttiSKffi'ft:^ 
3L*:R5 2 (RJPO. 5-3nm) M 
ffcte3Lfclt5 2^m)?(i> WMEti"J3>'S«5 1 

sftM^tt -c ti m n w x <r> sfeaa a* pi -c * & <d t% s-ft 

lbR4 3 0H)¥^*7 7 + (i/h^ <> f!5 1 a *>r#f>^ 

5 2 WKIf-S'^afffiJS^-'^ 7*li^-* < fc&c 

h T'J 5 ><0*-i%.1tZ -tirtiAt 10 

0 P a WTOffiE-Cff O-fitfUi L^o -O^-g-, {SS 

[0 0 5 7] Z.<omtteM*#TLtiVL, (N 
2 ) sb^vMiT^n'y • (Ar) ^(D^FfS'tt^T- 

L (11 6CV3 KfcfftO . 700-1000 t;07&Jg 
(12 1 6 <0H 3 Kfcffi) o CfUcJzlK HI 
8 (c) Kjp-t J: dK, HWaLtI5 4 (Rip 1 - 
5nm) :CT% MfelLti5 4li 

J: -9 cti^C, COWftfbfcaM:, t£ffcfii8$:<a;*c £ 
v^tR^ (H2O) *^>vm±J^^«S?* (O) 

(03) ^»Si^-ti:-cifi!<;-r*^^<7)r% (o 3 ) 4 

fcl±C:ft*'£tr83R#* (O3/O2) W#ffljR;-C|f»fk 

*eT * *r ^aftaflp *ist * -fr-cR* iw*n4* iajjt 

$-tir 1 P aW.TcDftffi'C&ifcTo #®HfcK.k 
*). Sft*aLfcR5 2 4"©fiS^^O*|S£-**1B:« 
U >7 ? ■/fctefcL, 7 is > * frKfci 

^4<t4iii*-eli, Sfc, *MtRfc-> , J 

5 1 £<0|?ffi5 la^Si/Si 02#®i:[Hl«(Ofilit 
ULT*Hi(H20fi«*iJC4:o £ t K, #® 5 1 a 
<0^*OgMfc*S i 2=NH5 t°oa*75 J BII#-r*'fl:^ : 
tt^^H-t*IE?L h 7 7 7*<0iiJD, *5V>liMOSW 
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[0 0 5 81 ttfbiffiaLfcRS 4«RWt±, 

;ii f t-^ 0 £*U4, r- h**RJBJS»<0C VDH 
[0 0 5 9] iowafc-ftftatfe, (N 2 ) afe^> 

VMiT^n*^ ■ *"7s (A r) ^O^fStt^ffimi-S 
i tie J: *K KSR^fl-SrSSfiWLfcSiBI^CftwiJV^ 

[0060] *mm<ofm^x n , stfbns 311/M 

MLfcR5 4©HCjafbiaaLfcR5 2 *^-tZ>®.l3L 

its'® a ^^m^m^xm&^t-t &m&. mittm^t 

**mi*3ltfir-*-40-C, R»tR+ffl*«SE*aa:^W» 

Lie < Witf-Cfc < , a»jtjS^igJ6-5)i t**Sjg|-C* 
i><OlztiLX, 3|cil6lftR»fiE*ffi-e»±, ^'fkiiM'ftSrffl 

[0 0 6 1 ] *flta-CJt, I«LtI5 2 

ty'jn>*«5 1 wiwciMbjeiaLfcRs 4^*#«-r 

-5^, !SIi->'J 3 V*«5 1 tWf!5 1 a 4- S i 
/S i 02#®i:|Hi#<73Sjt^Lr, &mm&e>1&&L* 
ff^HttC, S i /S i 02ftW<z>&*-<r>mk J ?s 
i 2= N H fc if <0SfR* I B8#-t--&'fb^ : aUjeHi-4iE7L 
h7 7y«m *Sv>liMO SI^Mt-llt «s 

iii«/<7 7Jf#iv'S, a«F&iamift«ii*ttSr»4 
[0062] mm<omm i ) *»«<o»»Rojg«* 

ttO»7 0*ifi03Kffl*KW-r*. Ei9 (a) ~ 

(e) . 5.^*111 7I±, *^ife<O^^W*6^BIff^*S 

x-&<< i> mtwm l fzm t n , -> y = > t K^bR t 

0*ffi#i£t?flfbtt* , RlE+ 4ii t?JB^ ?W^T- 
*•), #flWfi», RaT»*S-.«-A/^R (S i ON) S: 

[0063] v"; ^ v*;K6 1 tmfr^&z tizx 

S*"^. (N2) *>4vW±T^^> • (Ar) ^OTf: 
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-r-e&-t-&tf\ ttzli 1 0-4-1 o-ep a com 
M^z-T t> z t iz £ *) , Lfc&BS 
jK+UTHaL. i^Ssfftf* (N 2 ) *4wli7*3' 
> • (A r) ^CD^ei4*"^.-ce«i1-*7Jv £fcl± 
1 0-4- 1 0-6P aO^R^H-f^itlCt g?^^ 

Lfc#H*K«fc*ifc*fl: • SfbfflRfc 

tKv'J 3 >*«6 1 «: 

[0 0 6 4] ifcK, ¥£>®m j S>fcfr*mi)i&<l$.LXis^ 
fc»BjKt>»wiJV»r#a'f 4 (HI 7<7)V lU*tI&) = 
t*iKJ:i). #»R*W»fbKJ:*lRK*>&< fc^ifl&Bt 10 
lfcK<o»** , «iW $ ft, 7#i#^o S &&aMbR <o ft v >"J 
3>gffi«ftfii> 0 ^rtajKf±7 o o"cjslt 
3*j?r*#H*cc*>oT y'j3>ifi6 i 

<7)SM(2g'ffc;L&v-> 0 3 0 0- 7 0 0tOia 

fltCSMb-T* (H170H1) £ i: K J: ») , BMt • fift 

SM£#t-£?i-^<0®Hk£iii J t : '/^Ki5w&VV 19 

(a) izm-rZolz. Btfbll£6 3 (RJPO. 3-1 n 
m) ri^fiESi-L*,, *I8* 1 P a J^T^f&JEK 

js^rfcifc? i tiz X *) , llgif-B&ic/UKKgtffc-f 20 

(H2O) , (O3) , t^liiti. 

(H2O/O2. O3/O2) tt*:ti:J:i), /J>t£g 

LT, *«fk-C»f>*i.fc«^BI6 3Ji*afC4r*i:i: 4 

tc^®<0¥i&'tt/6 j a:< ^4= Cft£><75#B^-Ct±, K<b 
****** V'£>-C, JHfcK»fb-r4fc*KI±, lPaJEJL 

fi£$a^g?-fb^6 3 (i, Rf^57W?<, ^ort 

*bhj£*s*«k*v<7 ? * o&m-r & £ t 

[0 0 6 5] CO»fbKJBfiB;lfIfc:HEV*T, a**f* 
(N2) *5t>li7^>-^ (Ar) HcO/FfS'tt*' 

H^cp K£V>T#?SL (M 1 7 COV 2 lC*tl£) .70 0 

~ 1 0 0 OlCwiajS-c, h U TU ;vt 5 >absv>t±c:a 
(HI 7<OH 2 Kfcf-fiS) o ifiK-fciK &6<J&8?8t 

ci 'og.m+m&mtftki&ztix, m9 (b) ksh-j: 

■5 gtfblBS 6 3tv"j3 6 1 t <DWW 6 1 a # 40 

J£Ufifcft3LfcJR6 2 (KIP0. 5-3 nm) 

< , 1 a ferfb^ieo-C, iw^-ftfttSL^ 

h v r'j^r? ><r>?>.*%.i\LZ*kxmx-tz>Wi&. 10 

M) T 'J jut 5 >©*Ht**<EJtt*#i., #H-?ttgfro» 
frfc«<4»K SHb*«UfsWKlT 3 * 
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[0 0 6 6] i©Ig*»7Lfcft, S*#X (N2) 
**v»j±t;i'3*> • (A r) ^w^rgt4**^r-M^ 

£sv>-C|5£i&L (HI 7(OV 3 KttJfc) , 7 0 0 -9 5 0 

*c«)iajst?KVb-r* (mi 7<oH3M*tJjs) „ c^cj: 

«? , BI9 (c) K^i-.fc7K, BifbftiaLfcile 4**Jg 

«fftftiu^it^it**s 0 Mfba^ffiiR^afbft 
c:<&Rfb(i, tett«»*>;*:S^*»e« (H2O) 

**v»»iffli?-:Rj»3|S (O) £fflv>£t7ft.(f£e>&v> 0 L 

*u lasHb-cn, *«fflo*wmmo* 

L<4v>. flt^ttaseti + V^ (O3) £»8t$-tfT£ 
/&T-£&tf)-C% *v*> (O3) S fclii ft # 
* (O3/O2) <r>m.m%X-mt*'ii ?#j&*£v*„ 
H*-c»iBtfba** f *#v»i«, S|v^k^SIL^K6 4 

*»a-r*»#, »ibaos£tt«**ii:T**i*c»fb 
SK*ftT**TKJMU»i4*fi±3**fca, iPa 

*«<b«!3a^J: >), Mfb^S LfcJK 6 2 •fOSMUR^O 

[0 0 6 7] i<OSSftil!LlIii> (N 2 ) 
*SV'f±T;l/^'> - (A r) ^<£>/F@'!4#**-CS}& 

i3V>T#iaL (0 1 7<D V 4 UttfEO , 7 0 0 - 1 0 0 
OtcDiSjg-C-, h 'J TV ;l/T 5 >*^v^lii^^-g-tj-a 
(N2) , • (a r) ^<o^m&*' 

A • fifbRlEflfrt * (H170H4W 

Id) o C*t^J:»), »«J4»(«»=J: iJ^aCftta***^ 
@9 (d) izm?£7iz s S{tl6 4tv"J 

3 > 6 1 iKDwme 1 a ftjfi»=afb«taLfcR6 5 (k 

mo. 5-3 nm) timfSLZIXho &iWBMl,tzl&& 5 
oM)¥(±. ^e^i:v'j3>^6 i t<r>wm<r>fc-h* 

i o afbiaawcoieiMt^fls 

<75Mi?''<7^^i±/h$ < , wmi>ffihfrti:<r>x^ z\<om 
nvmizs. i)jgj«s*i.4afbftyau^:«6 5»±, 

^^^^-fb^-^T^A-r-SJ*^-, 1 0 0 P a ^T<OjSEE 
fbfcabspWKffdii:**-?**. 4^, h'JT'J^T? 
[0 0 6 8] :wlgi»7Lt«, H**"^ (N2) 



(12) 



ftffiW- 10-163197 



21 

*^v>(ir;b3*> - H7, (A r) 

fcvTP$SL (11 7«V 5 , 7 0 0- 9 5 0 

■COfiffiT-S^-fb-r-i) (0 1 7 OH 5 K*tJjT0 o ZtUZ 
£>0, 19 (e) iZTjO-HoiZ, SMtftkmLtzme 6 
(«gi¥l~5nm) **®*SfL4o BHfcaoffitfcjMBib 
*iLtI6 2, 6 5 tfOfi*IR ; ?-K«#Sti.S:V»J: 9 

(H20) $>&^t,tm=f-ttm% (o) s-fflv»*»t^ 

(O3) ***3*T±J*-e£4©TN (0 3 ) * 

fcttCftfcS-fr***"* (O3/O2) (OflSt-SKfk 

SvMMlL^se 6 $^ktt<oitf;iSc 

|fi]± lPaJiT«ifft?iJiii 0 z\<om 

tiswt, a^jfta^n 7 r -f ;K7)S**(±fei 0 20 
<v^ D *»fk«.atJ: fi<ffcJ&3LfcHI6 5*OlS 

if8l&J&fc v U n 6 1 t £>#ffi 61aSSi/Si 

02*ffi t Wlffi<Dffim. iz LT#ffir$Sf£ tfM&M* is £ 4 7 
it fctC, #®6 1 aCO^^WgE-ffc^S i2=NH4t* 

fttSi fc^-C-i&o MtelLtI6 6©Kff«±, - 30 
£ jg - 1" * KdtSJ 4 t (O t 4 o T V> & o 

[0 0 6 9] z\<r>mtJLM'&. gf^jbsvMir;^ 
*#*«*e«Lfc#H*+Kfcv>-cHMai-* (mi 7 

T+*o 

[0 0 7 0] ^Iff)«Si:J: ■> , Bfcfb§E6 3, $<fk& 
iLt!6 4, 6 6 0lHIt:afti6 2. 6 5 *tt^>l6 

y^#iB*fi:*»^4< 4£„ X> N 2 o^wffl^t^« 

mmuz < wiit-c-4 < , m.mitk&z^ft& ztwsn 
Ktr*. kj? t *&2.iz«m-c 

**-Coa:«* t flffc« ! aLJtBt6 2St>'6 5©fffti:J: so 
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t) JtpfSU Zti&tztb* v» *> * " **n > Ofg £ ttft"^/f M 

16211) fcifc«»/h& < L- Sft*&3L,rt:Bl6 5tv 
'J3>X*6 1 OlWU»fk»aLfclBl6 6 Zfci&irZZ. 

<> S i /S i C^ffi^S^-COfe-ffc^S i 2=NHif 

X'<d*\ <) T&wj%.<ni&T%t*<Da.ftt&mi l zft ; ) mm * 

[0071] mmnmm s ) *«woiatiR«>3gja* 

m<oms(omm<oBm^m.mi-i> 0 no (a) - 

o * © 1*1 hx y -< if >^<n mm m r- * « „ 

■ftfir-M'fbffi^RJS-r r-Bffi s 4 <?>x~$> *9 . 
#ioS«, 5.^>*®^»^^-^/iM (s i on) St^lt 

[0072] =i>mtiL7 lzmfr-r&ztizi.*) ^ 

-1>*\ i/cl± 1 0-4- 1 0-6P aWiSI^Ct^-ti: 

^*a»**^. (N2) *^v^iT;W3'v • ifT, (Ar) 
^d/FfS'tt*'^.-C 5 a^-r4^, i/c(±l 0-4-1 0-6P 

7 1 *Wim.-fz>a 

[0 0 7 3] X.IZ, ^>&mm*?7k$-£)mt)i&i&Lr £v> 
^#H^^^ijv^r#Si-^ (mi 8«ov 1 0 

gfbL4v^„ 3 0 0-7 0 0 t:coSJST-^jb 

i-4 (Bi8©Hi) ;ki:J; 0, *fk • flfkfflSt&flf 

lc^tA^^^ftif-^og^-fkmo*v^>'; 3 vgffiSr 

^ri-^7i->'^^'fk4-^ j ^^^i3ci4v^ ia i o 

(a) iz^f J: ^ (C, a^tR7 3 (RVO. 3-1 n 
m) A«?&£S*t4o *X@^ 1 P aJJJITOfiBEtc 
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(H2O) , *V> (O3) , Sfcttdfifcfc-gS-trBfcJKaf 

* (H20/02X 03/02) tta- t^i *), 'i^nm 

LT, #BEffc-C»<b*tJt»ffcJR7 3 !±Sti:*itt 
^5i J ^:#v^T, /I#c^B£'fb-f<& (i. lPa« 

[0074] £<0KfbRJBj£i«Kfc^-c, a**-* 
(N2) *svM±r;>r7-v • (Ar) ^o^rSte^f 

HSWcii^T, £fc-?»fiLfc», WJK?>"/iDr!&a 
st-r#gf* (m 1 8 »v 2 k*hs) = ztuz^y)^ 
*» 1* * 4 i «*bk ka* amy s *i * £ a k , bus * 

i^(c5l§igJv»T, 7 0 0-1 1 50tOiaST% MJ 
T'J ;vr< v*&vM±ifL*-g-O^Se#"^. (N2) x T 

>u=fv • strx (a r) mn^mii*' ft t-m a 

-fh (Ell 8 o Zitizxt), mtftteffitifc 

izXiomm^-tt^&tkl&ZtiX, 12 3 (b) IZtH-TJ: 
)\z* y'Jn>S«7 1 t<DWW7 1 attffiuafbfcia 30 
Lfcl7 2 (110. 5-3 nm) d*»jftS*L*. 7 V 

fflffci&aLfcR7 2 0«tiP^fl3lliftgEO«ll»*»L^i- 
v»o *jaftl»TO*fi»R^#WRJ¥;<? V < , 

#ffi7 1 a fcitk^fcO-TN iOS-fkt-i <0M!8.ZtL& 
SUtHMLtzm 7 2 ti, RJP*SHJSiftK<0/*? 7 

fcv> 0 h 'j r 'J Ji/7 5 ><o^£^;-fb£-£TjgA-t- 
rooPa»T<ofifftff% {£JE 

[0 0 7 5] £©ie*#*TLrt:&, a3f#* (N 2 ) 
JbSVMiT^^V - if*. (A r) ^O^fttttf^T-ffift 

gL (ID 1 8OV 3 K*fj£) , 7 0 0 -100 otioia 
j£-c$lbt& (El 1 8 COH 3 H^Id) o dtUl-fclK HI 

10 (c) iz^i-idic sift4a.aLfci»7 4*»j^ja* 



24 

»<o**n*as* (H2O) *am±W?-:KRj|f (O) 
w (o 3 ) tfftts^riis-cliotr, *v> 

(0 3 ) * Jttti*t*-g-tf»*^ (O3/O2) <75#ffl 

3»v»»ii:*aLfciR7 4 mtio 

t££r6]-L 2 1 P a^TOfiEET-^ifc?,, d 

< trs, «ffcaoffi:»*«a*jR ; f-njK*5#i.4 < a 
*o WSo£*ft**RJP*tt4K»±, ±K£tf>SMb-eoffi 

S*WSrPfflft*o *tt-fbXa»=J: 0, MMLfc 
17 2*<OS«i^<7)**§-£r^£@i&U lfb?7^ 

[0 0 7 6] dOBtffclgffe, (N 2 ) **v> 

(±T;l<r7'v • ^ (A r) ^<7)^TS'tt**^T-g^-raci 

r, ^T»aL7tife, sflf9>7 r io«fcfl-aL (mi 

8 <T> V 4 , 7 0 0 - 1 1 5 0 TC^jaftf, h ') 

is) . ztuzxv)^ mmtcmmzx. *)*K^-«a** f * 

jS^^xr, 111 0 (d) K^-T J: o KftK7 4tv 
>J a > 7 1 i:W|^M7 1 attjfiKfflfl:jaaLfcR7 5 

(RJ10. 5 ~3 nm) 3j*^BE$fLa 0 

[0 0 7 7] JBftfeaUfcit? ^Rtv 
'J n 7 l i <r>wm<r>fc?i Z&W k l> iE?L h 9 v 

*40T, a-fb^aL^:M7 5 <ORJS^a»iftJSOSlJtW 
j^L^+^o S-fbmrr-<o^^#:<75R)¥^'9 

>; ;l/T 5 VO*.*^;fk$-*Ti|£A't-i.*&-i-, lOOPa 

a^b^a^e^tcff 9 it^T-#* 0 i^:, by 

[0 0 7 8] i<0lg*»7Lit:«, a***^ (N 2 ) 
*^VMiT;>3*> • (Ar) ^O^Sfe^T'tft 
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rSL (HI 8WV5 KfcJ-Jfc) , 7 0 0 - 1 0 0 0"C<7)?S 
Jtr-H^fct-S (0 1 8 <75H 5 tc^JCcTO o £*UCfciK 
010 (e) iZTjii-XoK. MtMLtz&7 6 (IKff 
1 ~5 nm) WJ&tiLZiX&o 

[0079] »fk«oi£tM f afl:iaaLfc«7 2.75 

UfklSli, 4£1lfcfc»*>*S<"*SSa; (H2O) **v* 
liHf«* (0) *rfflv»ftttfLlX«:e»«:^o Lrt>L, 
J: iWIMfc-Ctt* SSfllO^ffiU^*^*^ h 

JR^atJCIi^-yv (O3) *»*3*T£J5fcT 

t 1 /^ (03) fTtHi^t-t-tfKS*'^ 

(03/02) 0>£tH*C"cs»fk«a*fT ^*« f av>. c 

7 6 *3g«i-*»*, »fk*Otttt«»*fiT5*r»= 
BlftaaCSrl&T^-erTRJPWWttt^S-a:*^** 1 
P aJ^TOl£J±r*i3i^9o »ffc^»*-cii 

SHkK*V>£fflv>-cv^<ot\ ikttttfiffl 

<k^<fc »K Stit!BMLtim7 5+ oaatw^o*^* 

SafcS-^fc Illtv'^ 
>**R7 1 t<n>m-Ml laJSi/Si O 2lf*-ffi £ IWtt 

7 1 aO^^fk^S i 2= N H t*C9^*75 f P^-1- 
4ik^aueEg-*-4iE?L h 9 * ^OiUfllh **v*l±MO 

aoii^ t-wa-fkic^ ^ ras * £P*-f <& - 1 **-c # 

[0 0 8 0] £*>BMk0«» a«^*4V>li7*^^ 
V 6 KttJS) o jaJt©Ig*«T, IftliRroJBja^T 

[0081] *mmwtm\- ± <o , ^ikies 7 3 , BUMa 

!Lfc7 4, 7 6©r B 1(:a«ILtl7 2, 7 5 *t 
#**»K flftfeaLfcK*0**^4v*jfca, h 
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tiLfCntt&tf&ltXMLtzm? 2, 7 6 03RfcfcJ: *) 

^T-^-fkoii^srPftr-^ s. i$ik *mmmmikK& 

v*T, M*1L/:I7 5 0a3tf»aE36 , ft'fl:«taLfcR 
72tD fcJt«W/h$ < L, S-(k^aL^Bi7 5 tv'J 

10 3>s«7 1 oM^aifki&aLfcii? 6 imm-r&zt 

<, S i /S i 02#ffiWM^O^'fb J ^S i 2=NHii* 
«oa»* t P-^1-^'fk^l^feB't-AIEdFL h -7 -y -/fl)** 
7JD, *5V>«MO S^H^Slt**|olwm#* , fi:V»t|*S 

[0 0 8 2] 4*, **fcOJBfii7, 80ja^b*&aLfc»E 

20 {±2Ji4ci!iA i«-eii^<, a-fktoaL^M/M'fk^a 
[0083] ttz, nm<r>fm 1 ~ 8 <om.m^^<r> 

if XI* h'JT'J ;i/7 3 >W8.2>i><DX'l,±%^ 0 &MW-=f- 
SSIR^ 4: (N-H) fetfL 
4 Wk-frtot?, SSfSSI L W, WfiSt £ 4 * 

*'JSt^v>7yKf, Wx.tfxfjl-TyK (C2H5N 
30 3) *4rfflv»4***, *fil*R' : f<0nr»mffi©1g:*±3* 

[0 0 8 4] 

»J5»^«r^i4^*, -^<kM» (NO) , -BMk 

us (N20) , -mmm (no 2 ) %¥<D&mtm 
m <n\ t%m #h^, * m v » -c s^S'fk-r & m% t \tm * 
ij, »<k*« i *»i*^aik**-e*&. *a***^ 

^-o^xfia^^-i:**^^*^ (N-H) fcfltfi 

Kftt, ioa^k*ft-e>"j 3>aME±ua-fkR*JK 

50 [0 0 8 5] If #S 2,3,4 ^fS«<7)*fe^Mco^fiS;^- 
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iLt, FVTV^r^V ( (C3H5) 3N) , TvK 
Ii:LTxf;U7->'K (C2H5N3) Srfflv^dt^Sf 

[0 0 8 6] W*a 5 HIB«(0^«iO^fiS;*telc <t ft 

'J a v36«SEffi^ft# LT tMSi L*1" < -f 
tz-r & z t iz z r>, ifcff£iS«i*irci*Ai-*c:i:a» 

<7)n^-s^*'^<75i:) *[6]±$*4 1 1 <s> ^mm<o 

[0 0 8 7] W*JI 6 ClS««)ilft»itOjejfi*i*»w £ *l 
k**T#, 4: L&nffiJUfcgHb • ^Ibffl 

[0088] 7 Kumommmfm^m^z x n 

If, fifbR*©a*JK^O*i|g^#*«ffcfc*oTlB:* 
-j-*£fcj4*-efc*o fi-fbUKi: 5"J 

^m^W#ffi^a»ir1-^i trfX'£Z 0 ffiot, Sfb 
R* 7 * ^fl^fi * $ h izi&ffi-t & c t 

s & uia«-r a o ^raMb'frtta^a 

**fb-&** ^ & 
oil a 4- m <* - i: * f -c # * o 

[0 0 8 9] W#:»8KE«©*»R©?BJS#ffi»i, H£ 

itm t v >; a i: <0H KMfbMS L fcRji'Jgjfc S ft 

[m®<offl*&I&9S] 

[Hi] *S&9JT?fflv»/.: h 'J;ut 5 >-«o«jS^;t-*^o 

[(21 2] h'J^T5 ><D 3 0 0'C^i5lt-6»*fSJtE<OK 
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[Bl 3 ] *«W t=3i»*» 4 tt»«E® Affile i *J&ffiIg 
S-TF-f HT-ab&o 

[14] *5BWt^^*»«BtJ&riE*feU i LiSlg 
im 5 ] *»WK:****fi**R?BiS*ftfc J: 4MI8 
[H6] *»WK**»4i»BltBt®fi!E*ft»wJ:4JejSXe 

10 [07] *»93U*i»*tt«R»ja*ft(:J:4JBiaili 

4:^+121 "C*4„ 

[d 8 ] C * IfeSiifM* tti: <t * ffMI§ 

[HI 9 ] #S&9JU**4»»KJBJ£*8:U «t 4 j&ritlg 
[HIl 0] *&®izfrfr&tmmB&1ji&\zj:&j&j&j: 
[111 1] 3p:«WK*»**«iltil^**ffi^J:*iD3«k-9- 

9 n><nmMmx- 

20 [mi 2] *56WK*»*»4ttHftR3B«*ffim:4Unj»-9- 
[mi 3] *»Wt**^***R3^**ffi^J:4ini}fe* 

4 ? ^nmmmx-hz,* 

[mi 4] *»WK*»3i»*»»Bl^lR*tt»-J:41niJft-9- 

4 ? fr<Dm.$imx'$>2>o 

imi 5] *5&WK*»*»4*ftltR®jft*ffit;J:AJni(»-9- 
[mi 6] *«WK*»54»4«*Bl3e**'tt^J:«Jni»-9- 
30 [mi 7] 3)c»WK*^*«»il3B**telwJ:*mi«l-9- 

4 ? )\<<Dmfflmx'#>i> 0 

[mi 8] *»Wtc*>*»4»<tR3gjft*ffim:*ftU»->J- 

[mi 9] *mwizfrfrzmmmr*f&jj&iz±zmm-i)- 

1,11,21,31,41,51,61,71 

2,12 mtm 

40 l 3 Btfb^ailLfcR 

22, 32, 42, 52, 62, 65, 72, 75 S 

23, 33, 43, 53, 63, 73 ®HbR 

44, 54, 64, 66, 74, 76 MML/:I 
1 1 0 ^ x./^ 
111,119 + -V'J T 
1 1 3 giSmf • * -b v hM 
1 1 4 f5fe!f-S 
1 1 5 KMb • S-fbffl-f-^r 
so 116 !&W& • *-tv V WL 
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Triallylamine : N(C 3 H 5 ) 3 
CH 2 ~CH-CH 2 — N 



/CH 2 ~ CH = CH 2 
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CH->— CH = CH 
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